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Introduction

Third generation synchrotron radiation sources
deliver VUV/X-ray beams of unprecedented quality
and power. Can the beam features be conserved

downstream to the experiments?

Conservation of emittance

The tolerable increase of emittance by the optics should
be comparable to the stability specifications of the source

parameters expected from the machine (e.g. £10% source
size and beam divergence).

a) fundamental limits
- optical aberrations
b) technological limits
- surface quality of mirrors/gratings
- quality of single crystals
- strain-free mechanical mounting

- stability of the optical element



Emittance

horizontal emittance.
g, = o0 (mm mrad) .

vertical emirntance.

"

¢, = o0, (mm mrad) .

;. 22. Phase space ellipses for the vertical coordinate ot the electron beam alone (solid lines) and
iuding the SR divergency (dashed lines). The source is located at Z = 0. the light beam expands in
» positive Z direction. The upright ellipse for SR at Z =0 (a) is sheared while the beam moves 10
= { (b). The invariants are the intersections with the y-axis. the projection on the y’-axis and the
:a. A slit (with boundaries S, and So) inserted at Z = { can be projected back to the origin (a). The
\ded area is an invariant also. Figures (c) and (d) show the same transformation for an already tilted
ctron beam ellipse (divergent clectron beam!). Similar graphs hold for the horizontal emitiance

(from Gudat and Kunz (1979)).



Synchrotron source characteristics

Brillance

n is the number of photons with emergy € emitted at a time ¢ from a
souce point (x,z) along the direction (J,y) per time interval, unit
source area, unit solid angle and 0.1% bandwidth.

Intensity

N is given by integrating n over the source area.

Spectral flux

o5 is given by integrating N over the solid angle (2.

Total flux

= 05': SR
is given by integrating ¢s over the whole energy spectrum.




Surface quality

Roughness

Few A rms (state-of-the-art: feasible!)

o Slope errors
1+2 urad

Type of mirror

flat
spheric

aspheric

Standard Special
0.5" 0.2"
1+2" 0.5"
4+5" 1+2"

Prospective

0.02"

0.5"
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Conservation of brilliance

Thermally-induced slope errors and defective
manufacturing of the optical elements yield a loss of
brilliance, by far the acceptable tolerances. Thus a
reduction of thermal distortions and figure errors are of
fundamental relevance for preserving beam brilliance.

* The vertical source size is smaller than horizontal

source size, thus for having high energy resolution the

dispersive plane should be vertical, and thus the

vertical brilliance should be conserved.

*In grazing incidence the influence of sagittal and

tangential errors at the image plane are different.



Slope errors

e Reflection law:

[ versor of the incident beam

7* versar of the reflected beam
1 versor of the normal to the surface

« [ ocal variation of the normal 67 implies a variation of the reflected
beam:

e The déviation |67 |in_the plane of incidence due to a variation
|67 = 8¢ is given by:

e The deviation |67,|in_a direction normal to the incidence plane due
to a variation |67 = 8¢ (i . &7 = 0) is given by:

|67,| depends on the incident angle




e We suppose the distribution of S]o e errors to be gaussian: 0 = 6y
(rms value). If the angular variation of the normal in tangential and

sagittal planes are equal, it follows that 8y =2 6¢.

¢ aberration in the incidence plane:

i Az=2f8¢ ]

2f 5o

screen

¢ aberration in a direction normal to the incidence plane:

rHAy=2fa£;E;EW

o

Lol

2f cosa b

screen




Example:

incident angle o =87 deg

rms value of surface slope errors Oy =1 arcsec (~ 5 urad)

focal distance f =3m

Az =21.2 um rms

Ay =1.11 um rms




Heat loading

e Third generation synchrotron radiation
sources will deliver radiation beams with
unprecedented power densities. In
particular multipolar magnetic devices,
such as undulators and wigglers, will
increase the brilliance of 4+5 order of
magnitude.

e Beamline performance depends critically
on thermally-induced deformations
(besides manufacturing slope errors).




Heat loading effects

Degradation of the optical properties of
beamline reflecting/diffracting components:

- thermally induced deformations on
optical surfaces produce focal image
broadening and/or shift;

- large amount of absorbed power upsets
the designed optical figure.

« Radiation damage.

« Breaking of the optical element.

o Total detrimental effects:
— loss in photon flux
— loss in energy resolution



INSERTION DEVICES
TYPICAL STRUCTURE

Vanadium \N'hc-B

permendur permanent
pole pieces magnets

B = B( cos(2nz/A)
B(T) Peak Field at Poles

A oK

(RS A
Z o

DEFLECTION PARAMETER K = 0.934 A0Bg

PARTICLE TRAJECTORY DETERMINES DEVICE
CHARACTERISTICS



Total power for an ID source

E, storage ring energy [GeV]
B magnetic field [T]
[ stored current [mA]

L 1D length [m]



Angular distribution of power

(zero emittance)

horizontal observation angle
vertical observation angle
number of magnet periods
stored current [A]

y electron energy/mec?
y =1957 E, [GeV]

K deflection parameter
K =0.934 Ap [cm] Bo

G (K) angle independent factor
G(K) — 1 as K increases from O

fx(¥8,7w) normalized angular distribution function
fx(0,0) = 1 (on-axis, peak power density)
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K =025

52 04 36

The behavior of the function (0. v¥)

(K}

5810 12 14 T 52 94 26 08 10
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The behavior of the function fg{rv¢. O}

Sl
-

The behavior of the functon G( K.



Ahgular distribution function

The power envelope depends on the deflection
parameter K.

Horizontal @ direction

Vertical ¥ direction

If the ID works in the range of undulator mode
(K < 1) the angular distribution of the nth harmonic
is concentrated in a narrow cone whose half-width is
given by:

n harmonic number

A. wavelength of nth harmonic



Power density per unit area

Normal incidence

R distance from ID source

For a given impinging angle o

e Reduction of the power density by sin (&)

Footprint

e For normal incidence: half-widths of the spot
O:=Og R
Oy= Oy R

e For o impinging angle: an increment by 1/sin (Q)



RELEVANT!
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P(kW/mrad?2)

P(kW/mrad2)

Angular Power
Density

CHESS WIG
Ec =29 keV

Ptotal = 18 kW

APS/CHESS UND
E1 =43 keV

L
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ieflected
Beam

Z axis
(tangential
directlon)

3:3> wer
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X axis
(sagittai -
direclion) l \
Grazing
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Incidence

Sagittal Slope

: Etrror
Tangentis \ '
Slope Efror I

o w — =

Incident
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Distorted Top Surface
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Light source

CCD retina

v CCD retina

disturbed

Incident wavefront wavefront

Wavefront sensor principle | o

local slope ==

micro-lences y displacem




ADAPTIVE SYSTEM

slope £ 50 prad
actuator voltage + 400 V

crystal CCD retina
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wavefront from disturbed
light source wavefront
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intensity (arbitrary units)
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1 I 1 I

uncorrected mirror —e—
corrected mirror +
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Be-wire vertical position (mm)
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Diamond Crystal Characterization

Slit Diamond 400
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